Medical IJlecttonics in Out Futute
by Jerry Cassuto, M.D.
T IS STAGGERING to contemplate the volume of research and the accomplishments that have occurred in medical electronics in just a very few years. The greatest progress in creating this new interbred science that is part medicine and part electronics, physics, and chemistry plus, has taken place in the last seven or eight years. In this brief period we have seen more strides in development than we have in the seventy years since the discovery of X-ray which started it all in the 1890's . There have been so many electronic applications in dia gnosis, therapy, rehabilitation and research that in the time allotted to me I can at best give you only a very superficial overview. And yet not too many years from now it will be seen that even we had barely begun to scratch the surface in biomedical en gineering in this year of 1966.
The majority of measurements made in biology and medicine do not involve electrical quantities; but measurements can be made electrically with great precision and ease as exemplified by our ability to amplify faint electrical signals by factors ranging up to the billions. The signals can be stored for long periods of time, transmitted through space and counted in pulse form , and utilized in many versatile ways. Now I don't intend to bore you with many technical details (nor am I qualified to) prior to discussing some of the exciting applied uses of electronics in medicine, but there will be several important new terms that will be mentioned frequently in the future and so I'll take a minute to briefly discuss a few.
When a measurement that we wish to make is not electrical, a device is necessary which wiII convert Dr. Cnssuto is Staff M ed lcnl Director, Western Electric Co., N ew York City.
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Fiber optics consist of a number of glass rods that have been drawn out to thin fibers, coated, and then fused or glued together. The fiber bundles are extremely pliable, and, depending on the manner in which they have been put together, can be used to transmit light only or the image of an illuminated object.
Biologic telemetry is another phase of special import and is largely a by-product of aerospace research. In essence it involves the transmission of physiological responses, such as in an electrocardiogram, to points geographically distant from the subject being examined by electronic methods. Miniaturization and the evolvement of molecular electronics has helped to make this possible. As an example, a small disc, the size of a shirt button may take the place of the entire insides of a television set and be reliable for many years.
Telephone Telemetry
As we all know the action of the heart is accompanied by electrical events which can be recorded as in an ECG. The contraction of a muscle is triggered by an electrical (nerve) impulse and the muscle tissue itself generates voltage as a result of the contraction and so electromyography has developed to record this phenomenon. The brain also exemplifies electrical activity with synchronous rises and falls in cell voltage, producing "brain waves" which can be recorded by the electroencephalograph or EEG.
By telephone telemetry, utilizing what is called the data phone, it is now possible to transmit ECG's, EEG's and electromyograms over telephone lines, and other types of medical data may eventually be suitable for this mode of transmission. Currently, the data phone is being used in many areas for ECG's, and in typical transmission, a doctor, nurse or technician prepares a patient in the usual manner. But prior to turning on the electrocardiograph a telephone call is dialed to the technician or doctor at the receiving end to alert him. After the call is answered the electrocardiograph machine at the distant location is connected via Data-Phone data sets with a Data-Phone receiver linked to an electrocardiograph machine at the receiving location. Provision may be made to have the receiving data phone automatically answer a call and receive the ECG.
What the Data Phone data set does is to convert the signals from the ECG machine into a form that can be sent over regular telephone lines. The receiving location gets a simultaneous recording of the tracing which can then be analyzed. The doctor may then push the "talk" button on his Data-Phone unit and discuss his interpretation with someone at the sending location.
Currently ECG machines being manufactured can be hooked up w ith Data-Phone sets without modification but existing machines do require minor modification for this purpose. Data-Phone sets are portable, lightweight and easily transported in the physician's bag.
Patient Monitoring
Other forms of telemetry are involved in the monitoring of patients, whether it be over a short distance in a hospital, or over much longer distances as with the astronauts. Group monitoring, as in intensive care units, requires measurement of parameters such as temperature, pulse and blood pres- 8 sure relayed to a central console for observation by a nurse. With the advent of sophisticated cardiac monitoring, regulating and pacing equipment, automatic control by servo-mechanisms is now a life saving reality. When monitoring equipment indicates sudden ventricular fibrillation or cardiac arrest a signal then can activate a defibrillator or pacemaker to check the abnormalty. S imilarly other automatic controls, such as in the monitoring of blood sugar in a diabetic crisis, will become available. When the chemical analyzer monitoring a patient records a blood sugar in excess of 150 mgs, an insulin syringe pump assembly can be activated and administer the proper amount of insulin into the infusion.
Another kind of monitoring of patients-visualis certainly being carried on now in many hospitals by closed circuit TV and this is an area that will have wider application in the future .
Aids for the Handicapped
The strides that are being made in electronic aids for the handicapped are enormous, and hardly a day goes by without a news release indicating new applications of biomedical engineering in this field .
Cardiac Aids
Probably the best known and most widely used medical electronic product today is the cardiac pacemaker. These devices, which replace nature's organic pacemaker, are helping to keep an estimated 10,000 plus Americans alive today. The treatment of "h ea r t block" and refractory Stokes-Adams se izures with ventricular standstill by the us e of pacemakers has progressed from the use of external devices to the current techniques involving subcutaneously implanted miniaturized pacers with long life .
With the recent publicity given to the w ork of DeBakey's group in Texas and the Kantro~v ' i t z ' group in Brooklyn, I needn't dwell on the work that is in process on the development of an artificial heart in addition to other organ replacements. And in this field credit must be given to ye t a no ther machine--for unlocking so many d oors.
For the Voiceless
For those who have lost the use of their larynx as a result of surgery or paralysis of both vocal cords, the electro n ic larynx was devel oped. It is a d evice that substitutes electro n ic vibrations for the natural vibrations of vocal cords. The voc ally handicapped person holds the trim instrument against hi s neck and the sound com es ou t of his mouth.
Another ai d for the speechless is w ha t is ca lle d the ''' S ensicall '' telephone syste m, which in essence substitutes the sense of touch for speech a nd e ve n sight. A small magnetically controlled rod vibrates whenever a sound comes over the line, and the handicapped person, placing his fingers on this sensing unit feels the vibrations. A code can be set up using short and long sounds like the dots and dashes of the Morse Code, and a normal person at the other end can transmit such signals merely by humming, whistling or tapping into any phone. Each sensing unit has a push button for transmitting signals to the normal person at the other end.
For the Deaf
For people who are deaf but can see, another version of this system employs a lamp which converts long sounds and short sounds into long and short flashes of light.
For the Blind
Massachusetts Institute of Technology's Sensory Aids Evaluation and Development Center has developed "early warning sensors" for the blind. These employ beams of high frequency sound, and when the beams hit obstacles their echoes are picked up on earphones and the signals can be "read " to show what is ahead. A blind person using this sensor or other similar device can thus thread his way through an obstacle course without bumping into a thing.
A harmonic compressor which allows the blind to "speed hear" at rates comparable to speed reading has also been developed. It permits making recordings of the human voice which can be played at twice their normal speed while retaining normal voice pitch and eliminating the "Donald Duck" effect.
For Amputees
Electrically powered prosthetic elbows and forearms, controlled by electric signals from the muscles of the upper arm, have been developed for amputees. The use of myoelectric signals from muscles remaining after amputation is an exciting development and more and more sophistication is being acquired by researchers in this area.
Lasers
In 1960 the laser was introduced, and although its application in medicine thus far has not kept pace with its industrial use, the possibilities of great future benefit still exist.
Laser stands for Light Amplification by Stimulated Emission of Radiation. Although there are now gaseous and even liquid laser sources, presently available clinical instruments generally use solid ruby lasers-a treated ruby crystal which is primed by an external xenon flash lamp.
Because of their ability to produce photocoagulation, lasers are being utilized on a limited scale in the management of retinal detachment.
Am eri can A sso ciation of Industrial Nurs es Journal , Juue, 1967 Work is being done on the development of a combination of the laser and fiber optics as an instrument for therapeutic work. Hopefully someday one might put an endoscope down the esophagus, into the bladder, the rectum or wherever it might be used as a high energy source of light to visualize and destroy small lesions.
In the treatment of malignancies, especially of the malignant melanoma variety wherein the pigment tends to absorb much of the laser energy, there is much research going on, but as yet its true value is not established.
Another fascinating application of the laser is in a lensless photographic process that produces three-dimensional images. Called holography, this technique may eventually lead to three dimensional x-rays and perhaps to 3-D television. But this is still a long way off.
Computerization
A revolution is now going on in all phases of medicine; an upheaval created by the introduction of the computer into areas once held inviolable and sacred unto the physician. Computers are beginning to be utilized to diagnose illness, to analyze cardiograms, x-rays, urine samples, etc., to tell the doctor what to prescribe and to do many, many other things as an adjunct to the physician.
Basically there are two types of computers in use today; the analog computer and the digital computer. The analog computer utilizes as data measurements of physical quantities such as cardiographic data. The digital computer counts separate events and uses data consisting of numbers, letters, symbols or codes. It has the ability to perform rapidly a series of additions or subtractions and to store countless facts. Many computers combine elements of the analog and digital models and are known as hybrids.
In the realm of diagnosis by computer, one trial method currently being programmed enables the doctor to punch out on a computer keyboard information that describes the patient. Age, weight, sex, temperature, blood pressure and any symptoms of illness go into this portrait. Then a dialogue between computer and doctor follows.
Almost at once the computer can furnish a list of all diseases that might account for this constella-tion of symptoms and findings. The machine will list the next logical steps needed to narrow the diagnosis, whether it be an x-ray, a bone marrow study or laboratory tests. After this series of logical steps and probabilities has narrowed down to a definitive diagnosis, the computer can tell the doctor the optimal choice of treatment for the patient's problem. The doctor of course is free to disregard the treatment and there is room for argument between computer and physician.
A Clinical Decision Support System such as this, designed to store medical knowledge specifically useful in diagnosis and treatment is becoming more and more of a necessity. Medical knowledge has been accumulating at an explosive rate, and whereas a generation ago the GP could store in his mind a large fraction of necessary facts, this is becoming impossible today.
In the clinical laboratories today, expanding work loads are being dealt with by the introduction of automatic analyzing equipment, but processing the output of these instruments has proven to be a problem. Digital computers to assist the technologist in the collection and calculation of results-tedious, time consuming steps-are beginning to come into play.
In their multiphasic screening programs for early detection of disease, the Kaiser Foundation hospitals in San Francisco and Oakland rely heavily upon computers. Some thirty-one screening tests, including an ECG, automated blood tests and x-rays are utilized, and results are fed into a computer while the patient goes from station to station.
Some of you may have recently read about computers which are being devised for the purpose of taking a detailed medical history from the patient and were given the sensational appellation of "Robot MD's."
Obviously a computer is not and cannot be a replacement for the flesh and blood physician or nurse, but it represents a powerful tool to help them both. But the use of this instrument extends far beyond just the physician or nurse in medicine. For example, hospitals are considering using computers to support virtually every phase of patient care, from admission through diagnosis and treatment to follow-up . Computers will serve an invaluable function in bioextensive systems. MEDLARS which stands for Medical Literature Analysis and Retrieval System is functional at the National Library of Medicine in Bethesda, Maryland and the National Institute of Neurological Diseases and Blindness has already established three specialized information centers. A computerized project has been initiated jointly by the medical libraries of Columbia, Har-10 vard and Yale tying into their medical libraries. One day in the not too distant future it may be possible for a person studying in one library to obtain information on some particular subject from another computerized library hundreds of miles away. In seconds all the required references may be available to him on a viewing screen or even reproduced for him.
In medical research the computer once again is to playa significant role. It is a means for rapid analysis and display of experimental data to the researcher during the course of his experiment. This will enhance his chances of making significant associations and exploring new leads. It will also be used to devise mathematical models to test against experiment and generally will amplify the researcher's own powers of observations and insight.
Not to throw cold water on this survey of some of the marvelous things that computers can do for us, but a few qualifying remarks are in order. It is safe to say that no computer will ever attain an M.D. degree, and although an extraordinarily useful aid, it probably will not offset any present or future shortages of physicians. You cannot get more out of a computer than you put into it; that is, it can do no more than it is programmed to do. If something is not recorded in the computer's memory, or incorrect data is entered, the results will be unreliable. Nevertheless the sophistication of the hardware and of the medical programmers increases daily, and the medical community must learn to accept and work with this tool to achieve the maximum benefits possible.
Television in Medicine
I would venture to say that over 95 percent of those present at this meeting have be en to medical conferences and lectures that have utilized closed circuit television. Certainly this visual aid has already proven to be a tremendous boon to all phases of medical education. And now, as I mentioned earlier it is also being used for the monitoring of patients in hospitals; both in intensive care units and more recently in the management of a psychiatric ward.
Further medical applications of television are mushrooming by the day. A new discipline of "Tele-Diagnosis" or diagnosis at a distance is predicted and already is in use on a limited basis. Presumably, by the proper correlation of communications with visualization and instrumentation incorporating the latest recording and monitoring devices, the physician will be able to assess the patient and direct emergency care.
It is not difficult to foresee the day when the Picturephone will at least afford the physician call ed upon to make a telephone diagnosis, additional assistance by enabling him to see as well as hear his patient. The physician practicing at a distance from consultants will be able to show his patient to the consultant by the Picturephone, in addition to x-rays, ECG's and other pertinent material.
Another relatively recent development has been x-ray television which was made possible by the introduction of the remarkable image intensifier. This has enabled further reduction in the exposure dose to patient and radiologist, and at the same time an improvement of detail perception in fluoroscopy, projecting images up to 1000 times brighter than hitherto obtainable. Teams of consulting physicians may view these images in an ordinarily lighted room.
Miniature TV cameras are now being applied in endoscopic examinations such as bronchoscopy now. The resulting picture can be switched onto a screen and the taking of biopsies has been facilitated by this system and in addition enabling students to view what the teacher was seeing. The advent of fiber optics embodying quartz rod light transmission principles paved the way for these television experiments using the flexible fiberscopes ,
Discussion
Admittedly in a talk such as this, the picture painted is generally superficial, on the dramatic or sensational side, and biased by the interests of the sp eaker. New developments that I have omitted run into the hundreds and thousands, encompassing every specialty in medicine. I have not at all mentioned work that is going on in ultrasonics, with rad ioisotopes, sound spectography, spatial vectorcardiology, fetal electrocardiography, cryogenics and a ho st of other field s.
Those of us in occupational medicine must of course keep pace with the mainstream of modern medical technology, and in some ways our task will be a more difficult one. Many of us are not frequently exposed to the hospital envir onmen t, Wherein so many of the newer advances are first employed. And again, with the lim ited treatment afforded in the industr ial environment, the opportunity to utilize and become familiar with a great many electr on ic aids used in diagnosis, treatment, rehabilitation and research is minimized. Conversely there are also opportunities for us to become the trail blazers in the evaluation and use of a new product as with the Data-Phone for ECG transmission.
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Since we are in the business of Preventive Medicine, our golden opportunity in the years to come obviously should be centered about medical electronics directed to this area. Computers, automated laboratories, automated multiphasic screening tests for early detection of disease, better tools for measurement of the physiological expenditures on the job, better instruments to monitor the individual worker's exposure to industrial hygiene hazards are examples of fields requiring our vigorous interests.
Unless we do roll with the punches and educate ourselves in the use of the computer and other biomedical engineering aids, our infant specialty will stand in danger of dying an early death and returning to the old concept of first aid for cuts and bruises. I for one do not intend to sit back and allow this to happen.
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